ABSTRACT Influences of dietary levels of vitamin E fed to hens and their progeny, and routes of SRBC inoculation on antibody responses of diverse populations of chickens were studied. Populations were a commercial broiler sire line (C), 2 commercial broiler dam lines (A and B), and Leghorn lines selected for high (H) or low (L) antibody response to SRBC. Dams from lines A and B were fed diets supplemented with either 10 or 300 IU/kg of vitamin E, whereas dams from lines H and L received only the diet with 10 IU of vitamin E/kg. Progeny from matings of C males with A and B females as well as H and L females mated to males from their respective lines were hatched on the same day and fed diets supplemented with either 10 or 300 IU/kg of vitamin E. Breeders were the same age and eggs were incubated in the same machine. Chicks were inoculated on d 14 intravenously with 0.1 mL of a 0.5% suspension of SRBC or intramuscularly with 0.1 mL of a 25% suspension of
INTRODUCTION
Immunological memory is an important mechanism for long-term maintenance of protective immunity against previously encountered pathogens. Injection of mice with tetanus toxoid elicited serum antibodies that were detectable subsequently during their life, and humans vaccinated with diphtheria or tetanus toxoid can remain protected for several years (see review by Ahmed and Gray, 1996) . White Leghorn chickens selected divergently for antibody response to a single injection of SRBC did not differ in antibody responses to a second injection with the same antigen suggesting that the low-, but not the high-, responding line exhibited an anamnestic response (Boa-Amponsem et al., 1999) . This result was consistent 1 Present address: CSIR-AFFS, PO Box M., 32 Accra, Ghana.
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Corresponding author: pbsiegel@vt.edu 173 SRBC. Antibody response was measured 6 and 14 d later. Chicks received a booster i.m. inoculation of 0.1 mL of 25% SRBC on d 28. Titers were again measured 6 and 14 d later. Level of vitamin E fed to dams did not affect progeny BW or plasma vitamin E levels. Although titers were higher following i.v. than i.m. inoculation, the degree of difference varied among stocks. Dietary vitamin E level interacted with inoculation route with a greater response to the higher than lower level of vitamin E for i.v., but there was no difference for i.m. There were stock × level of vitamin E and stock × route of inoculation interactions for secondary responses to SRBC inoculation. Stock rankings after the first inoculation were not predictive of the rankings after the second inoculation. The 30-fold increase in dietary level of vitamin E resulted in >12-fold differences in plasma levels of vitamin E. Overall, there was a stock-dependent influence of dietary vitamin E on growth and humoral antibody response.
with those of Qureshi and Havenstein (1994) who reported that a 1991 commercial broiler stock and a 1957 randombred line differing in peak primary antibody responses to SRBC had similar peak secondary antibody response to reinoculation with SRBC.
The influence of nutrition on recall immunological responses has not been unequivocally established (Cook, 1991) . Diets that improved primary responses had negligible (Qureshi and Havenstein, 1994) or sporadic effects on memory responses (Boa-Amponsem et al., 1999) . There is evidence suggesting that vitamin E facilitates isotype switch from IgM to IgG, which is typical of memory responses (Tanaka et al., 1979) . The route of delivery of antigen has also been reported to influence memory responses. Muir et al. (1995 Muir et al. ( , 1998 reported that primary i.p. immunization followed by a secondary oral immunization with a nonreplicating antigen stimulated greater immune protection of chicks than a repeat oral delivery of the same antigen. The present study was undertaken to investigate the influence of dietary level of vitamin E fed to hens and their progeny, and route of initial SRBC inoculation on memory antibody responses of diverse populations of chickens.
MATERIALS AND METHODS

Stocks and Husbandry
Five nuclear genetic populations were involved in the experiment. Two lines were experimental White Leghorn lines divergently selected for 25 generations for high (H) or low (L) antibody response to an i.v. injection of 0.1 mL of a 0.25% suspension of SRBC at 41 to 51 d of age (Siegel and Gross, 1980; Martin et al., 1990) . The other populations were commercial broiler lines designated as A, B, and C. Lines A and B were dam lines and C was a sire line.
Eggs from the 3 broiler lines were obtained from a primary breeder and incubated simultaneously in the same machine. At hatch, chicks were wing-banded, vaccinated for Marek's disease, and housed in floor pens with litter. Lighting was continuous to 7 d of age, and from 0500 to 2000 h to 42 d of age at which time chickens were moved to grower pens and exposed to natural daylength. A mash diet containing 20% CP and 2,685 kcal of ME/ kg was fed to 56 d of age and a mash diet containing 14% CP and 2,827 kcal of ME/kg was fed from 56 to 168 d of age. Both diets were supplemented with 10 IU of vitamin E/kg in the form of DL-α-tocopherol acetate. Feed was provided to achieve recommended target BW. At 126 d of age, chickens were transferred to 3-tier individual battery cages in lightproof facilities. Pullets and cockerels of lines H and L were also provided these diets ad libitum and housed individually at the same age and in the same facilities as lines A, B, and C. Thus, all breeders were contemporaries. Commencing at 168 d of age, all birds of lines H, L, and C and half of the line A and line B females were fed a mash diet containing 16% CP and 2,752 kcal of ME/kg supplemented with 10 IU of vitamin E/kg in the form of DL-α-tocopherol acetate. The other half of the females from lines A and B had their feed supplemented with 300 IU of vitamin E/kg. After being fed these diets for 148 d, line A and B females were mated to line C males to produce CA and CB progeny. Females from lines H and L were mated with males from their respective lines.
Eggs resulting from these matings were incubated in the same machine. At hatch, 40 chicks per stock (for H and L) or stock-maternal vitamin E subclass (for CA and CB) were wing-banded, vaccinated for Marek's disease, and placed in replicated floor pens with litter. Lighting was continuous to 14 d of age, and from 0400 to 2000 h thereafter. Chicks were provided a mash diet containing 22.4% CP and 3,034 kcal of ME/kg ad libitum. This diet was supplemented with either 10 or 300 IU of vitamin E/kg. Assignment of diets to pens of chickens was at random.
Traits
Chicks were individually weighed to the nearest gram at 7 and 42 d of age. At 14 d of age, half of the chicks in a pen representing a stock-maternal vitamin E-progeny vitamin E subclass were inoculated in the brachial vein with 0.1 mL of a 0.5% SRBC suspension. The other half of the chicks within a pen was inoculated in the thigh (biceps femoris) muscle with a 0.1 mL suspension of 25% SRBC. At 28 d of age, all chicks were given a booster inoculation with 0.1 mL of 25% SRBC into the thigh muscle. Blood was obtained from the brachial vein of each chick 6 and 14 d after each inoculation and SRBC antibody titers determined from each plasma sample according to the method described by Wegmann and Smithies (1966) . Antibody titers were expressed as log 2 of the reciprocal of the highest dilution giving visible agglutination. Plasma from blood obtained at 42 d of age for males of stocks CA and CB from dam vitamin E-progeny vitamin E subclasses were analyzed for content of vitamin E using a slight modification of the method described by Catignani and Bieri (1983) and Buttris and Diplock (1984) .
Statistical Analyses
Body weights of chicks from dams fed only the diet supplemented with 10 IU of vitamin E/kg were subjected to preliminary analysis by ANOVA. The main sources of variation were stock, dietary level of vitamin E fed to the chicks, sex, and interactions among them. For the analysis of antibody titers, route and day after inoculation were added as sources of variation.
A second ANOVA model involved data for chicks from dams fed diets supplemented with both levels of vitamin E (i.e., stocks CA and CB). Sources of variation for analyzing BW were as before; however, the dam's dietary vitamin E level (10 or 300 IU/kg) was included as an additional source of variation. The ANOVA for plasma vitamin E did not include sex in the model because data were for males only. In both analyses, individual BW were transformed to common logarithms before analysis. When interactions were significant, further analyses were undertaken within the interacting variables to determine causes of the interaction. Significance was declared at P ≤ 0.05 and P ≤ 0.01. Only those interactions that were significant are discussed in the results. Significant differences among multiple means were separated by Duncan's multiple-range test.
RESULTS AND DISCUSSION
Blood Plasma Levels of Vitamin E
Vitamin E levels in plasma were similar for CA and CB males at d 42 regardless of whether their dams were fed diets supplemented with 10 or 300 IU of vitamin E/ kg. The 42-d progeny means and SEM were 17.1 ± 3.7 and 20.4 ± 3.2 ppm from dams fed the higher and lower supplemented diets, respectively. Plasma vitamin E levels were also similar for the 2 stocks (17.6 ± 3.7 vs. 20.0 ± 3.2 ppm for CA and CB, respectively).
When progeny were fed the higher and lower levels of vitamin E, the 30-fold dietary difference (300 vs. 10 Table 1 . Mean (±SEM) for BW and SRBC antibody titers to an initial inoculation (i.v. or i.m.) of chicks from hens fed a diet containing 10 IU of vitamin E/kg, by stock, dietary level of vitamin E, sex, and days of inoculation IU/kg of feed) resulted in a >12-fold difference in plasma vitamin E levels (36.1 ± 1.9 vs. 2.8 ± 0.1 ppm). These values were consistent with those for young turkeys (unpublished data) and lower than the 15-fold difference noted for long-term feeding in broiler dams ).
BW
Stocks CA and CB were heavier than stocks H and L on d 7 and 42 (Table 1) . Differences between the broiler and Leghorn stocks were >2-and >7-fold at 7 and 42 d, respectively. Although BW was similar for the broiler stocks, L chicks were heavier than H chicks, which is consistent with previous reports (Martin et al., 1990; Yang et al., 2000) .
Neither sexual dimorphism nor differences between dietary levels of vitamin E were present for BW on d 7 (Table 1) . On d 42, however, males were heavier than females and chicks fed the higher level of vitamin E were heavier than those fed the lower level.
Response to Initial Inoculation of SRBC
Regardless of stock, dietary level of vitamin E, sex, or days after initial inoculation, antibody responses to SRBC were greater when administered i.v. vs. i.m. (Table 1 ). This consistent difference occurred even though there was a quantum difference in concentration of SRBC administered (0.5% vs. 25% for i.v. and i.m., respectively) and agrees with the report of Boa-Amponsem et al. (2001) .
Males and females responded similarly to i.v. and i.m. inoculations of SRBC (Table 1) . In contrast, all other main effects (stock, dietary level of vitamin E, and day after inoculation) by route of administration interactions were significant. The broiler stocks responded to the same degree as line L to the i.v. inoculation, whereas the response for line H was considerably higher than for the other stocks. Although responses to i.m. inoculation differed between H and L (H > L), neither differed from the broiler stocks. That the broiler stocks did not differ from the L line, which had undergone long-term selection for low SRBC response to SRBC is consistent with the observations that peak antibody responses to SRBC have been compromised in selection for today's high growth-yield commercial broiler (Qureshi and Havenstein, 1994; Cheema et al., 2003) .
The dietary level of vitamin E by route of administration interaction resulted from a similar response i.m. to both dietary levels, whereas for i.v. there was a greater response at the higher level than at the lower level (Table  1 ). The day after inoculation × route of inoculation interaction resulted from a relatively greater difference between i.v. and i.m. titers at 6 than at 14 d after inoculation.
Response to Second Inoculation of SRBC
At both 6 and 14 d after the second inoculation there were stock × level of dietary vitamin E interactions for SRBC antibody titers. As shown in Table 2 , stock CA had higher titers at the 300 than at the 10 IU/kg level of vitamin E in the feed, whereas there was no dietary effect for the H and L lines at either time of sampling. For stock CB, although similar at 6 d, the antibody response was similar at 6 d, but was greater for the low than for the high vitamin E diet at 14 d. These results are consistent with previous observations for parental lines A, B, and C (Boa-Amponsem et al., 2000) , and for lines H and L fed diets differing in vitamin E levels (Boa-Amponsem et al., 2001) . The lack of consistency among stocks between primary and secondary responses to SRBC is consistent with those of Boa-Amponsem et al. (1999) . They pointed out that although response to selection for primary re- Table 2 . Means (±SEM) for SRBC antibody titers to a second i.m. inoculation of chicks from hens fed a diet containing 10 IU of vitamin E/kg, by stock, dietary level of vitamin E, and route of initial inoculation of SRBC sponse to i.v. inoculation of SRBC can occur, correlated responses in immunological memory may not be observed, implying that genetic influences for primary and secondary responses differ. This reasoning is logical per an isotype switch from IgM to IgG in memory responses (e.g., Tanaka et al., 1979) considering that IgM is the predominant isotype in primary responses.
The stock by route of inoculation for the initial inoculation interaction was also evident in response to the second inoculation, which was i.m. (Table 2 ). Six and 14 d after the second inoculation, stocks CA and L, which received the initial inoculation i.v., had higher SRBC titers than their i.m. counterparts. Contrary to this, titers for line H were higher for i.m. than i.v. routes on d 6, with no difference on d 14. Responses to i.v. and i.m. inoculations did not differ at either age for stock CB. Yang et al. (2000) proposed that responses to dietary levels of vitamin E depend on genotype as well as other factors. The results described in this paper were obtained for diverse populations of chickens from age-contemporary breeders raised under common husbandry. Thus, age of breeder should not have been a factor and subtle effects of general husbandry would be, at best, minor. That a preponderance of significant interactions of genetic stock with other main effects was observed is consistent with the thesis of Yang et al. (2000) per the influence of genotype on responses to dietary levels of vitamin E. This view may be an explanation for the inconsistent results among experiments to immunological and growth responses to dietary vitamin E when the evaluation is based on a single stock in one husbandry setting.
General Comments
